Abstract
INTRODUCTION
Engineering as a profession is becoming increasingly complex and competitive. New technologies (advanced telecommunications and computer-aided engineering), and reduced barriers to international trade have allowed corporations to move engineering activities into emerging economies. These factors have allowed corporations to "unlock" traditional forms of organizational integration, vastly increasing the pool of engineers from which companies can draw. The reduced cost of operation in these emerging economies has put pressure on western countries to produce engineers that can encourage companies to keep high quality, technical engineering jobs local, instead of outsourcing. From the middle of the twentieth century, engineering education became increasingly focused on research and the engineering sciences, which led to decades of engineering graduates that are excellent scientists, but lack design, analysis and professional skills [1] [2] [3] [4] . This is in opposition to the voices of industry and recent engineering graduates who feel that the attributes of design, teamwork, communication and problem solving are the most important [3] [5] [6] . Fortunately, there have been efforts to improve these skills in undergraduate programs, beginning with the introduction of Capstone Design courses, and later, cornerstone design courses to give first year students an introduction to the design process.
This paper describes the process behind the creation of a second year mechanical engineering "Mini-Design Project" course with the goal of creating a bridge between the first year introduction to the engineering design process, and the more complex, open-ended Capstone Design projects. Team design projects are an attractive method of achieving a variety of learning outcomes, with the most commonly cited goals being teamwork, design, communication skills and creativity or innovation [7] .
Capstone Design courses take the form of large scaleoften multidisciplinary-team design project during a students' final year of study. Students at this point in their academic career have a wide range of theoretical knowledge, as well as engineering tools at their disposal. This allows these projects to be complex and gives students the opportunity to solve real-world problems, often sourced from community or industry partners.
Cornerstone Design courses have been introduced more recently, and were created in response to the apparent disconnect that first and second year engineering students were feeling from engineering practice [4] . The outcomes from these Cornerstone Design courses can vary greatly depending on the constraints placed upon the course, such as available time, resources and class size. Additionally, CEEA16; Paper 121 Dalhousie University; June 19 -22, 2016 -2 of 8 -the prior knowledge and training of first year students can vary greatly, limiting the potential subject matter and scale of the projects. Thompson [8] proposes that Cornerstone Design courses can be roughly classified into three groups. First, are courses that teach engineering skills related to design, such as CAD, machining, drawing, etc. The second group consists of a semester-long design project where students are introduced to the design process. The third group contains elements of the first two groups where various aspects of design and engineering are introduced through small hands-on projects or exercises, such as reverse engineering.
Despite these limitations, Cornerstone Design courses have had great success, and their introduction has helped to increase student satisfaction with their early education [4] .
Design may not be at the top of the list attributes that engineers cite as most important in their professional careers [5] , but this may be due to the variety of professional positions that engineers occupy, some of which may not directly contain elements of design. Design courses however, particularly project based design courses, are excellent methods of teaching and developing the top ranked attributes: teamwork, communication and problem solving.
BACKGROUND

Pedagogy and Learning Theory
Kolb's experiential learning cycle [9] is the model that is most commonly associated with teaching engineering design and the engineering design process. Kolb's cycle is composed of experimentation, concrete experience, reflective observation and abstract conceptualization. The iterative nature of this learning theory matches well with the engineering design process (such as VDI's systematic design process [10] ) as a whole, where a product is designed, built, tested and analysed, and lastly reflected upon for possible future design improvement. The experiential learning cycle can also be applied at a smaller scale to the individual steps of the design process. For example, during the conceptual design phase, students will generate potential concepts, evaluate the concept against design goals and criteria, and use this knowledge to iterate their designs if they do not satisfactorily meet their requirements.
Kolb's experiential learning cycle has been implemented into several pedagogical methods. Of particular interest when discussing engineering design projects is Problem or Project-Based Learning (PBL). PBL was developed originally in medical schools in order to prepare students for professional practice in the 1970's. Professional associations at the time questioned if traditional teaching practices were adequately training students to deal with the real-world problems seen in practice. In PBL, students take on the role as primary investigators in the problem-solving procedures. Students are allowed to progress through the process in a way that simulates the natural learning style of students, inductive rather than deductive learning [9] . According to Barrows [11] update their lists from step 3 5) Propose solutions and assess their appropriateness 6) Critically reflect on the process used to generate a solution Cooperative Learning (CL) is a teaching methodology focused on students working in teams to achieve a common goal; each student can only achieve their learning goal if the other members of the group achieve theirs [12] . The most commonly implemented model of CL is that of Johnson et al. [13] , which specifies 5 basic conditions under which students must work: 1) Positive Interdependence 2) Individual Accountability 3) Face-to-Face Promotive Interaction 4) Appropriate use of collaborative skills 5) Regular self-assessment of group functioning Research has shown that students taught in this method tend to have higher individual academic achievement and improvements in design skills, communication skills and group skills [14] .
Choosing the Right Design Project
Choosing the correct subject for an engineering design project, particularly for first or second year students, can be challenging as discussed earlier. Literature describes some characteristics that design projects should include:  Be challenging  Be able to be completed within the timeline set by the course  Contain sufficiently understood and documented subject matter CEEA16; Paper 121 Dalhousie University; June 19 -22, 2016
-3 of 8 - Emphasize the application of theory  Make use of the engineering design process  Be subject to specifications, standards and safety criteria Dutson et. al. [15] identified five potential sources for design projects for use in engineering curriculums. These sources include:
 Hypothetical projects -in which course directors invent a project which can be tailored to meet the requirements of the particular class  Student selected projects -in which students, sometimes with guidance, choose the problem they wish to solve, or the device they wish to design  Research related projects -in which Professors propose design projects related to their research  Industry sponsored projects -in which course developers solicit projects from industry to solve real-world problems  Student design competition projects -in which projects are proposed by on-campus student design teams (eg. Formula SAE) Each of these sources for design projects has their own advantages and disadvantages depending on the desired outcomes of the project, and each has been applied to Capstone projects. When working with Cornerstone design projects however, meeting the requirements of "understood subject matter" and "application of theory" is significantly more limiting. Searching for design projects from research, industry or student design competitions that can meet the scope requirements as well as contain only the theory and skills that first or second year students have been exposed to would be extremely difficult. Student selected projects are also difficult if the course developer would like to include the full design cycle (design and build) as students at that stage of their education have a poor understanding of the full scope of work required for projects. This leaves hypothetical projects as the most convenient choice for project topics as all aspects of the scope, technical requirements and resources required can be tailored to meet the needs of the course.
Building Effective Teams
Teamwork is often cited as the most desired outcome from team projects [7] . Teamwork is the primary mode in which professional engineers operate, and encouraging students to work well within a diverse team environment is of great interest for course developers. There are many models of effective teams that have been introduced [16] [17] [18] , and there are several key behaviours that each of them attempts to promote.
The first behaviour encouraged is interdependence [7] . In order for an effective group to complete their task they must rely upon on the work of the individual members of the team; if one member of the team does not complete their assigned task, it prevents the entire group from completing the project. There are varying levels of interdependence that teams can operate under from pooled interdependence to intensive interdependence. In pooled interdependence, students divide tasks, and complete them in parallel often with poor levels of communication.
Intensive interdependence is considered the more desirable form, and each of the team members' divided work relies upon input from other team members' work, which encourages communication and coordination.
Trust is another important factor for effective teams. Trust itself can be defined in many ways, but the definitions most closely related to team effectiveness is the students' confidence in the abilities and trustworthy intentions of their team members [7] . Trust can be encouraged in teams through team-building exercises that help to reveal the abilities and strengths of the team members, as well as share past teamwork experiences.
The most cited and common complaint from students when working is teams is the concept of social loafing [7] . Social loafing occurs when one or more member of the team refuses to complete their fair share of the team's work. Self and peer evaluation has been found to be the most effective method of reducing social loafing in teams. When the individual contributions made by team members can be quantified and reported, social loafing can be largely eliminated. Another method of reducing social loafing is to encourage each team member to have a unique contribution to the team. Unique contributions are easiest to encourage in multidisciplinary environments such as Capstone projects, but can be more difficult in Cornerstone design projects as the students all have similar pre-existing skills.
RESULTS AND DISCUSSION
Course Context
The course described in the remainder of this paper is the second year mechanical engineering Mini-Design Project course at York University's Lassonde School of Engineering. This was the first year this course was conducted. The course was a 2-credit course, where standard courses are 3-credit courses. The course consisted of 1 hour of lecture a week which was dedicated to the study of engineering design case studies, and 2 hours of tutorials.
At this point in their academic career, students who participated in this course had taken the prerequisite physics and math courses, as well as two first-year introduction to engineering design courses. The introduction to design courses included exposure to the design process, design-for-x, various creative thinking and innovative design methodologies. These courses also included a team-based design project, however this project The goal of this course was to give students an opportunity to experience the complete design process as well as promote good teamwork practices. Integrating as many of the skills and theories to which students had been introduced up to this point was one of the primary driving factors in the choice of the project topic. By incorporating the various elements of the undergraduate curriculum into the project, students will be able to see practical applications of their theory as well as observe how interrelated their seemingly distinct core courses can be.
Project Description
In order to properly tailor the project to the requirements of the course, a hypothetical project was chosen. The premise presented to the student teams was that a spring manufacturer wished to investigate the possibility of using their springs to power an alternative energy vehicle. They were to take the role of an engineering design team hired to design and manufacture a proof of concept scale model vehicle powered by a spring. The teams' designs were evaluated in terms of mass and efficiency (distance travelled), with efficiency weighted at twice the value of mass. At the end of the term, the teams' vehicles competed in a competition-style event with a portion (10%) of their final mark awarded depending on their relative performance compared to the other teams. A competition style event and marking scheme was included to encourage motivation, friendly rivalry between teams, and ensure that teams would continue to improve their designs, and not stop when they determined their design was just "good enough". The project was selected to integrate theory from physics, mechanics of materials and machine element design.
Constraints on the design and available materials constituted a major portion of the project. The final design was required to fit within a volume of 24" X 20" X 20", and the only external load that could be applied to the vehicle could come from a supplied "loading mechanism". The loading mechanism consisted of a weight on a cable fed over a pulley (see Figure 1 ). Teams had a choice of using a 5lb weight that could fall a distance of 12" or a 2.5lb weight that could fall a distance of 24". The loading mechanism was presented as a theoretical "charging station" in which a spring powered vehicle's energy could be replenished. This constraint was placed on the project to ensure that all teams would have identical energy input into their system, as well as make the loading of the spring a non-trivial problem. Each team was supplied with the same quantities of materials, and no other materials beyond the supplied materials could be used to build the vehicles. The materials supplied were:
 Compression springs (selection of 3)  Tension springs (selection of 3)  2 sheets of acrylic (⅛" thick, 24"X24")  PLA 3D-printing filament  50 M4 panhead machine screws (8mm long)  50 M4 panhead machine screws (14mm long)  100 M4 nuts  5mm 6061-T6 aluminium rod (6' Long)  1 bottle of cyanoacrylate glue Teams were required to choose only one spring to use in their final design. The springs available to the students were all chosen to have similar potential energy storage, and their maximum loads ranged from 12-25lbs. The maximum loads ensured that it would not be possible directly load the springs from the loading mechanism without some sort of mechanical advantage. Additionally, the bulk of the construction materials (acrylic sheets and PLA filament) were weak enough, and the forces of the springs high enough, that the design and analysis of the vehicle structure was non-trivial.
In order to successfully complete the project, students had to consider a variety of factors. They had to increase the amount of force supplied by the loading mechanism to fully extend/compress their spring. They also had to transform the potential energy of the spring into rotational motion, and include a gear train to reduce the torque and prevent the wheels from slipping. To achieve the best performance, students had to balance available torque, gear train efficiency, and weight.
In order to manufacture their vehicles, students had access to Lassonde's Sandbox 3D Prototyping Shop which contained several MakerBot -5 of 8 -
Team Creation and Teambuilding
A team size of 4-5 was chosen for this course as the literature highlights that larger teams can be more susceptible to social loafing, and teams smaller than 3 may not have all of the skills required to complete the task [19] . Of the three possible group formation methods (selfselected, instructor-selected or random), instructorselected was chosen as it is generally regarded as the most effective method [19] [20] . Students were required to complete a questionnaire at the beginning of the term, and students were distributed based on a number of criteria. The primary criteria by which students were assigned groups was personality based. Students completed an online Myers-Briggs personality assessment, which assigns them one of 16 personality types. From these 16 personality types, students were placed into 4 categories based upon Keirsey's Temperament Sorter [21] , Artist, Guardian, Rational and Idealist. Students were distributed in an attempt to match different personalities. While teams created with similar personality types tend to have better communication and reduced conflicts, teams with diverse personalities can have enhanced problem-solving skills as the weaknesses of one member can be complemented by the strengths of others [22] . Other criteria which were taken into consideration at a lower weighting during team formation were overall GPA, available free time, and previous skills. The online tool Team-Maker [20] was used to conduct the student questionnaire, and form the teams.
The first two weeks of tutorials were dedicated to encouraging teams to work together effectively. During the first tutorial, students were introduced to their teams, asked to choose a team name and given a personal introduction worksheet. The worksheet contained many of the same questions as the team formation questionnaire, and students were encouraged to share their personality profile results with their team if they felt comfortable. Additionally, students were asked to complete a team policies and expectations contract (modified from [19] ). This contract outlined what was expected of each student when working in a team, such as communicating promptly and completing assigned work on time. The contract also contained a policy for dealing with social loafing or uncooperative members within teams. Students were encouraged to modify or add policies at their own discretion.
The contract ensured that all students understood the policies set out by the course, and gave them a sense of ownership over the performance of their team. During the second tutorial, a teambuilding exercise was conducted using the LEGO Serious Play TM Platform. Students used a guided LEGO TM building experience to share previous team experiences, with a goal of helping to build trust between members of the group.
Team Communication
In order to promote a standard format for team communications, and help support collaboration, students were required to create a Slack TM account. Slack TM is an online collaboration platform that allows users to communicate in real time, share files and schedule meetings. Students were instructed to invite the course instructors to allow quick communication with the teams, as well as to allow instructors to review communication histories in the event of a team conflict.
Students were required to submit weekly meeting minutes for course credit. Students were given a meeting minutes outline following the PBL model which asked them to create lists of what information they know, what information they need to know, and finally a plan of action for each member that will allow them to complete the required deliverables for the next week. The students' goal for each week is to move points from their "need to know" list to their "known" list, as well as add any new items discovered to the "need to know" list.
Peer-Evaluation
Peer-and self-evaluation was included as the major tool in reducing social loafing, monitoring conflicts within teams and promoting collaborative learning.
The Comprehensive Assessment of Team-Member Effectiveness (CATME) online peer evaluation instrument was used to rate the performance of each team member in terms of contributing to the team, interaction with the team, keeping on track, quality of work, and more. Peerand self-evaluation surveys were conducted 4 times throughout the term, each time after the submission of a major deliverable. Students were given participation marks for taking part in the surveys, and based upon the results of the final peer evaluation survey, a modifier was applied to their final report mark. The results of each of the peer evaluations was released to the students anonymously so that students could receive feedback regarding how the rest of the team perceived their contributions and communication.
The CATME instrument highlights poorly performing students, as well as any major disparities between how a student and the rest of the team perceives their contributions.
Design Process and Deliverables
The structure of the deliverables was set up to follow the engineering design process. The design process highlighted for this course was the popular VDI 2221, Systematic Approach to the Design of Technical Systems and Products [10] . In previous experiences with design project courses, the authors observed students skipping major steps in the design process, or beginning with a final design in mind, and working backwards in the design process to tailor preliminary design steps to meet their desired design. This led to many students' designs failing to solve the desired problem, not meeting constraints, or arriving at a poorly optimized solution. In order to emphasise the importance of sequentially following the design process, reports corresponding to VDI 2221 design process "results" were collected at predetermined intervals during the term.
Following the submission and marking of each report, they were returned, and course instructors met with each team to discuss their reports, and any errors. Students were given time to reflect, ask questions, and make improvements to their ideas so that they could be used in subsequent design steps. These review sessions were essential in ensuring that students understood the subject matter and constantly worked to improve their designs.
Following the completion of the students' Definitive Layout, and 2 weeks before the final competition, students were required to build and test a prototype. The prototype was crucial in ensuring that students identified unforeseen errors in their design, limitations of the materials and/or manufacturing methods.
The final design report contained descriptions of the final design, CAD models, and testing results. It was also used as a final reflection on the overall design process. Students were asked to use the knowledge and experience that they had gained over the design process and reflect on how they would have approached each of the design phases differently. 
Student Feedback
In order to better understand student sentiment on the team building, teamwork, and peer evaluation initiatives instituted in this course, an exit survey was conducted at the end of the term. Students were informed that they would not be graded on the responses they gave on the survey, and the results were collected anonymously. 47 out of 58 students participated in the survey.
The first set of questions posed to the students, listed below, regarded using the CATME peer evaluation tool. Q1) Did you find the CATME peer evaluation tool gave you an opportunity to become a better team member? Q2)
Did you find the CATME peer evaluation tool effective in assessing the quality of your teammates contributions? Q3)
Did you find the CATME peer evaluation tool effective for exchanging feedback related to teamwork? -7 of 8 -Feedback concerning the CATME peer evaluation system was generally positive, but was far from unanimous. Students expressed concerns that peers would not give accurate responses to the peer evaluation questions, afraid to create conflict. Additionally, students would create "pacts" within teams pledging to always give each other top marks in the evaluations. This may explain why students did not feel that the tool was effective for exchanging feedback. From an instructor's perspective, the peer evaluation tool was able to highlight extreme cases of social loafing within teams, but may need some modification in how it is presented to students to improve overall accuracy and reception. Alternatively, the results from the peer evaluations could be kept confidential so that they may feel more comfortable giving honest reviews of their team members' performance, however they would lose an important tool for self-improvement.
The second set of questions, listed below, was related to how the teams were formed. Additional comments were collected for Q4.
Q4) Do you think that the team formation in this course was conducted fairly? Q5) Do you think that creating teams with mixed personalities helped you to learn new teamwork skills? Q6) Do you think that creating teams with mixed personalities helped the team successfully deliver a quality project? Feedback revealed that students had a predominately positive reaction to the method of team formation. Students who rated the formation methodology as unfair described the method as "random" as they perceived some teams as being stronger in terms of the skills required to complete the project. In future iterations, instead of asking for overall GPA, grades in specific relevant courses will be used as a team formation criterion, as well as more indepth matching of students with different practical skills.
CONCLUSIONS
Developing a design project course for first and second year students can be difficult, but the tools available to course developers can help create a successful program. By understanding the skills and knowledge that the students have developed, a project can be tailored to be challenging, yet attainable. 3D printing and other rapid prototyping tools can allow projects to be designed, built and tested, all during a single term. By leveraging freely available online tools such as Slack TM , Team-Maker and CATME, we were able to implement the major components of PBL and CL.
For most students, this was their first opportunity to fully design, analyze, build and test a design. Whether or not students were able to create a high performing vehicle, they learned valuable lessons in design and manufacturing, as well as practical applications of the theory presented in their engineering courses.
Including design activities, particularly team based design projects, during the early years of engineering curriculum can help to develop this skills and practices that industry is looking for.
